An experiment was conducted in wooden boxes to evaluate water use efficiency, biomass production, nitrogen and potassium uptake and yield of tomato plants (Lycopersicon esculentum) grown under flood irrigation (FI) and surface drip irrigation (SDI). Leaf area, leaf area index, biomass production and yield of tomato plants were significantly (P<0.05) higher in SDI than FI treatment. Biomass production (g/plant) was 53.3 and 42.2 and yield of tomato (kg/plant) was 1.27 and 0.99 in SDI and FI treatments, respectively. Surface drip irrigation increased water use efficiency (Kgm -3 ) of tomato plants by two fold (37.88) compared to flood irrigation ( 19.88). Significantly (P<0.05) higher concentrations of nitrogen in leaf (3.22%) and stem (2.62 %) were measured for tomato plants grown under SDI than FI (2.63 and 2.19 %). Potassium concentrations on the other hand, showed no significant differences.
Introduction
The increased competition for water between agricultural, industrial and urban consumers necessitates continuous improvement of irrigation practices and fundamental changes in irrigation management or application of water saving methods. Also, the irrigation practices are now encouraged to minimize nutrient losses to the environment with particular emphasis on ground water contamination and cultural eutrophication (Sezen et al. 2006) .
The most common method of applying water is flood irrigation, proved cost ineffective and water use inefficient. On the other hand, water saving method like drip irrigation has been shown to be effective for growing crops by different researchers (Sharmasarkar et al. 2001 , Camp et al. 1989 and Hutmacher et al. 1996 . The method can be applied for optimal soil moisture, for crop growth, increased crop water use efficiency, improved crop yield and quality, increased interaction of irrigation and fertilizer applications on crop growth, unsaturated soil water movement, irrigation water quality and the movement and distribution of salt in the root-zone and irrigation system design and management (Sarker and Haldar 2010 , Michael 1996 , Bihery and Lachmar 1994 and Comis 2011 .
Irrigation methods for growing tomato in Bangladesh are flooding, furrow and basin. In general, farmers of Bangladesh are used to over irrigate tomato plants resulting in high water losses and low irrigation efficiencies. Surface drip Irrigation (SDI) has never practiced as an effective method for growing tomato in Bangladesh. Therefore, the present investigation was undertaken to compare and evaluate water use efficiency, growth and yield of tomato plants (local variety) grown under surface drip and flood irrigation.
Materials and Methods
Soil collection: Soils were collected from the bank of the river Turag (Near Baliarpur, Savar) at a depth of 0-15 cm, air-dried, processed and kept in plastic bags prior to set up of the experiment. The experiment was carried out in the net house of the Department of Soil, Water and Environment, University of Dhaka, Bangladesh. The soil had a pH of 6.5, and water holding capacity 33%, particle size distribution-25% sand, 64% silt and 11% clay and texture silt loam. Available nitrogen and exchangeable potassium in soils were 1.4 mg/100g soil and 30 mg/ kg soil, respectively. Soil pH was measured electrometrically using Corning Glass Electrode pH meter at a soil:water ratio of 1:2.5 (Jackson 1958) . Hydrometer method was used for the particle size distribution of soil (Bouyoucos 1962) . Available nitrogen content in soil was determined following the methods as described by Marr and Cresser (1983) and exchangeable potassium by Jackson (1958) .
Preparation of boxes:
Six wooden boxes (122 X 25 X 30 cm) were constructed for the experiment. In order to prevent water loss and/ or addition of water, outer sides of the boxes were coated with water proof paint. A white polythene sheet with the same size of the wooden box was placed in the box and filled with the collected air-dry soil. A basal dose of N: P: K fertilizers at the rate of 60: 18: 38 kg/ha (BARC 2005) as urea, triple super phosphate (TSP) and muriate of potash (MP) was applied in each box and mixed thoroughly. A polythene shade was constructed to save the boxes from climate hazard.
Experimental Design: There were: (a) two different irrigation techniques employed, i. e., (i) SDI = surface drip irrigation with pipe set up on the surface of the soil (0 cm depth) to supply water in the root zone and ; (ii) FI = flood irrigation, applying water on the soil surface; (b) one cultivar (CV), local tomato variety (Ratan) as a test crop. One variety (CV), two irrigation methods (IR) were replicated (R) three times. Therefore, 2 (IR) X 1 (CV) X 3 (R) = 6 boxes were used in the experiment. Boxes were arranged in a completely randomized design.
Drip irrigation set up:
In front of each boxes a plastic container (10 litre) with an outlet (bib cock) of water was set up on top of the steel bar of the net house. A plastic pipe was then joined to the bib cock of the container and made it long up to the ground level of the wooden boxes. Drip irrigation pipes super typhoon 100 unit 40 cm distance between drippers (Netafim Israel) were joined with the plastic pipes using hose clamp. To know the moisture status of the soil, a tensiometer was set up in one box in each treatment at 20 cm depth and readings were recorded every day at 10:00 am to maintain the field capacity (-10 kPa). The matric potential of soil that corresponds best to water content at field capacity is -10 kPa (Marshall and Holmes 1992) . Water was applied to each box when the tensiometer turned down below field capacity and left for two hours to reach equilibrium. A total amount of 55.25 and 33.50 10 -3 m 3 water were applied in FI and SDI treatments, respectively. Water use efficiency was determined as the ratio of total biomass yield for a particular treatment to the applied volume of water for that treatment (Howell et al. 1995) .
Transplantation of seedlings: Seeds of tomato (local variety, Ratan) supplied by Lal Teer Seed Limited, Bangladesh were used in this experiment. Before germination, seeds were soaked in water for 24 hours and allowed to germinate on soil for 7 days in the dark at 27°C. Germinated seeds were then transferred in small plastic containers filled with soil and allowed to grow for one month. One month old seedlings @ 3 per box were transplanted keeping a distance of 40 cm (drip point) between plant to plant, running north to south.
Leaf area, leaf area index, fresh and dry weight of leaf and stem:
Leaf area (length x width) was measured with the help of a ruler. Leaf area index (LAI) was calculated as a ratio between leaf area and ground area. Fresh weight of tomato leaf and stem was taken just after collection of the whole plant with the help of a digital electric balance. Collected plant samples (both leaf and stem) were air dried and finally dried in an oven at 60-65°C for 48 hours and dry weight was taken.
Determination of Nitrogen and Potassium:
For total nitrogen and potassium analysis, 0.1g ground leaves and stems were digested with 5 ml concentrated H 2 SO 4 and 2 ml 4% (v/v) solution of perchloric acid (62 %). The digest was cooled and diluted to 100 ml with deinonised water. The concentration of nitrogen in leaves and stems was determined following steam distillation in the presence of 40% NaOH and titrated with HCl (Cresser and Parsons 1979) . The concentrations of potassium in leaves and stems were determined by feeding the extract into a flame photometer.
Statistical Analysis: Statistical analysis was made using SPSS version 15.0.
Results and Discussion
Soil water potential: Variation in soil water potential during experimental period in different boxes is presented in Fig. 1 . Lowest and highest values of soil water potential were 8.6-11.2 and 9.0-11.2 in Box-1 and Box-4 in SDI and FI treatments, respectively. Average values of soil water potential were 9.8 and 9.7 kPa in Box-1 and Box-4, respectively. Biomass production: Effects of surface drip and flood irrigation on fresh and dry weight of leaf of tomato are shown in Fig. 2 (a) and (b), respectively. Significant (p<0.05) effects between surface drip and flood irrigation were observed for fresh and dry weight of leaves of tomato. In case of stem of tomato, only the dry weight of stem was significantly (p<0.05) higher in SDI than FI (Fig.3) . Leaf area of tomato was significantly (P<0.05) higher in drip (SD) than flood irrigation (FI) ( Table 1) . Leaf area index was also significantly (P<0.05) higher in SD than FI treatment. Total dry weight of tomato (leaf + stem) was also significantly (P<0.05) higher in SDI than FI treatment (Fig.3 ). Higher dry matter yield was reported by Moreshet et al. (1996) and Ertek and Kanber (2001) for cotton plants grown under surface drip irrigation. Higher depth of drip irrigation also reported to increase fresh weight of bell pepper and was explained better water use efficiency of drip irrigation method (Dalla Costa and Gianquinto 2002). 
Water use efficiency (WUE):
Significantly higher WUE values (P<0.05) were recorded for SDI than FI in the present investigation (Table 1) . Water use efficiency values for drip irrigation were always found to be greater than those for flood irrigation for sugerbeets (Sharmasarkar et al. 2001) . WUE increased with increasing water table depth in bell pepper (Capsicum annum L.) (Dalla Costa and Gianquinto 2002) . Besides, plant growth is the integrated product of abiotic properties of the environment and numerous biologically mediated chemical reactions that occur in soil and plant. Water use by plants is controlled mainly by the abiotic properties of the environment in which they grow (Power 1983) . In flood irrigation method, losses of water occur mainly in the conveyance, application, percolation, evaporation and runoff which are reduced in drip irrigation method (Hansen et al. 1987) . Hence, drip irrigation performed better with higher water use efficiency of tomato. 
Total nitrogen (N) concentration of leaf and stem:
Effects of surface drip and flood irrigation on total nitrogen concentration of tomato leaf and tomato stem are presented in Figs. 4 (a) and (b), respectively. In this case, total N concentration of leaf and stem of tomato was significantly (P<0.05) higher in SDI than FI treatment. Higher nitrogen concentration in the leaves of tomato plants grown under drip irrigation was reported by Badr and Abou El-Yazid (2007) . Geleta et al. (1994) compared drip and flood irrigation and concluded that drip irrigation resulted in lower NO 3 -N loss. Nutrient transport from the soil solution to the root surface takes place by two simultaneous processes: convection in water flow and diffusion (Junk 1996) . Mobile NO 3 -N ion supply is taken up by plant roots mainly through convection in water flow. Emitters in the drip irrigation pipes deliver water directly to the soil near the plant and maintains moisture within the root zone of a plant (Hansen et al. 1979) . As a result, nitrogen uptake by plants might be higher in surface drip than flood irrigation. 
Total potassium (K) concentration of leaf and stem:
Mean values of total K concentration in leaf were 17.0 and 18.0 ppm and in stem 24.8 and 20.9 ppm for SDI and FI treatments, respectively. No significant (P>0.05) differences were obtained between surface drip and flood irrigation. Diffusion is the governing mechanism for the less mobile nutrient potassium (Mmolawa and Or 2000) . As a result, surface drip water application might have no significant effect on potassium contents of tomato plants.
Yield : Effects of surface drip and flood irrigation on the yield of tomato are presented in Table 1 . Yield of tomato (kg/plant) was also significantly (P<0.05) higher in SDI (1.27) than FI (0.99) treatment. Data show yield of tomato is about 1.28 times higher in surface drip than flood irrigation. Dalla Costa and Gianquinto (2002) stated that bell pepper yield was affected by water limitation and could benefit from abundant irrigation especially if applied as drip irrigation. Among the advantages of drip irrigation the most important are high water application efficiency and minimized nutrient loss due to localized application of water. Doorenbos and Kassam (1979) indicated that the maximum corn and cotton yields were obtained when irrigated at available water capacity. Sainju et al. (2001) reported a positive response of surface drip irrigated tomato yield to increasing nitrogen rates. In the present investigation surface drip irrigation also increased the nitrogen concentration in tomato plants and increased its yield.
